The characteristics of fifty-nine strains of Pasteurella septica, mostly derived from human lesions, were analysed by an electronic computer. The cat strains showed a high degree of similarity to each other, while the dog strains were more variable. Most human infections other than those due to bites seem to be due to strains which probably originated from cats. The analysis suggests that P. septica is distantly related to P . pestis and P . pseudotuberculosis but that the two latter are closely related to each other.
Most text-books of systematic bacteriology include in the genus Pasteurella the three organisms Pmteurella septica, P. pestis and P. pseudotzlberclulosis and sometimes also the causative organism of tularaemia. They usually give the haemorrhagic septicaemia bacterium as the type species of the group. Topley and WiZsm's Principles (1955) pointed out that it is very doubtful whether the recognition of several distinct species is justified. There are no consistent biochemical or serological differences detectable by ordinary methods between strains of P. septica isolated from different animals; to all appearances these strains are identical. A better description of the organism would be of value; it is of considerable veterinary importance and under certain circumstances may also be a human pathogen (Cawson & Talbot, 1955) . The organism is a normal inhabitant of the nose and throat of dog and cat (Smith, 1955) ; dog and cat bites, and more rarely those of other animals (McGeachie, 1958) form one group of the human infections. The other group is made up of 'internal' infections, that is, infections not involving direct inoculation as with a bite; the majority of these are associated with the upper respiratory tract.
Systematic analysis of a large number of strains of the species by orthodox methods is not a satisfactory procedure because the similarity must necessarily be close and personal bias is likely to influence the result. The principles of classification described by Sneath (1957a, b) are based on the assumption that each feature of an organism has equal taxonomic significance. A large number of characteristics of a large number of strains can be compared easily by a mechanical device, such as an electronic computer, and the degree of correspondence or divergence expressed mathematically; the variable human element is thus diminished. This technique has been employed here in an endeavour to re-assess the taxonomic position of Pmteurella septica, to examine strains from human sources for the existence of subgroups and to look for evidence of animal origin of human infections.
METHODS
Fifty-two strains of Pastezcrella septka were obtained from human sources. About half of these were from dog or cat bites; the remainder were from 'internal' infections, the majority of these strains being isolated from sputum; the details are indicated in Fig. 1 . Strains C/A, C/B and C/C are Carter's serological types A, B and C (Carter, 1952) . Some reference strains of P. septica and other bacteria were also included, the origin and nature of which are shown in Table 1 
O b s m a t h of morphological and wltural characters
Strains were grown in air or in air + 10 % (v/v) CO, on 5 % horse blood agar for 18 hr. at different temperatures. Anaerobic growth was observed after overnight incubation on horse blood agar in a McIntosh & Fildes's jar. All the strains examined grew best aerob i d y at 8 7 O and were Gram-negative rods showing varying degrees of pleomorphism; as these characteristics were common to all strains they were of no value for the present purposes and have been omitted from the final list of characters submitted to the computer, Some strains were also examined by transmitted light on translucent medium (nutrient agar, 18.6 ml. +horse serum, 2.0 ml. + laked horse bled, 0.5 ml.) to observe the presence of the 'fluorescent ' and ' blue' colonial appearances described by Webster & Burn (1926) .
Typical PasteocreUa Mptica cultures have a characteristic sickly odour due it,is believed to the production of indole; the odour is certainly absent from cultures of P. hamwlytica. The odour of cultures on blood agar was recorded as ' septicdike' ' coli-like ' or ' other '.
Consistency and opacity of the colony in blood agar was also noted as was the presence of a capsule, determined by observation of a thin nigrosin suspension of a young culture from blood agar.
The presence or absence of growth on MacConkey's agar medium after 12 hr. at 87' was noted.
The appearance of turbidity and the character of the deposit in nutrient broth was observed after incubation for 18 hr.
Biochemical tests Ferrnentation reactions. Fermentation of glucose, sucrose, mannitol, galactose, sorbitol, D-xylose, maltose, adonitol, inositol, L-arabinose, dulcitol, glycerol, glycogen, salicin, lactose, raffinose, dextrin, trehalose, mannose and hctose in 1 % (w/v) solution in peptone water with Andrade's indicator was observed daily for 14 days.
Idole prodzlctiorr. Peptone water cultures incubated overnight at 87'
were extracted with xylene and the xylene extract tested with Ehrlich's reagent. (1955, p. 450) after growth at 87' for 2 days. O'Meara's modification of the Voges-Proskauer test was used as described there.
Methyl-red and Voges-Prodiaw reactiom. Tested in the glucose-phosphate medium ghen in Topkg a d W b r & ' s P r h % p k s
Ammoniaproduction was observed by the addition of Nessler's reagent to a 24-48 hr. peptone-water culture.
Hydrogen mlphide production a d gelatin lipuefwtion was observed by stab inoculation into a lead acetate +gelatin medium (lead acetate 0.25 %, w/v; gelatin 12*5%, w/v; nutrient broth to 100 ml.) which was incubated at 22' for 14 days. Nitrate reduction, catalase production and reduction of methylerte blue were observed as described in Topley and W i l s o n ' s Principles (1955, pp. 451-8).
Ureme production. Urea agar slopes (Christensen, 1940) were incubated at 87' for 14 days.
Phosphatase prodwtion was observed after 18 hr. incubation at 87' on the medium of Bray & King (1948).
Egg-yolk re& was tested on the egg-yolk medium of Knight & Proom (1950) which was incubated at 87' for 48 hr.
Utilization of v n h a t e and prodaction of phenylpyrmuic acid was tested in the combined medium of Shaw & Clarke (1955) after incubation at 87' for 18 hr.
Citrtate zltilkztion was observed in Koser's (1928) medium inoculated from a peptone water culture with a straight wire. A positive result was recorded when growth occurred on the second successive subculture. for 1 hr. at 87'. Human group 0, horse, rabbit and sheep cells were used. V i r k e . Two white mice were inoculated intraperitoneally with 0-2 ml. of 18 hr. peptone-water culture. The strain was recorded'as virulent when the animals died within 48 hr. and the organism was recovered from heart blood and spleen.
Presence of growth on potato slopes after 14 days a t 3 7 ' was also noted.
RESULTS
Certain observations were negative with all the strains examined and were therefore omitted from the final tabulated list, since characters which are invariably negative have no significance in a method of this kind. These characters are included in the description of the species which follows. Most of the strains examined were virulent for mice, but this character has also been omitted since virulence is not a stable character of a strain. We confirmed Carter's (1957) observations that the so-called 'fluorescent ' appearance described by earlier writers is in fact one of iridescence due to refraction of transmitted light round the capsular material in the colony, and that there is a straightforward M (mucoid) -+ S (smooth) -+ R (rough) variation in this organism, as originally suggested by Rosenbusch (1937).
There is some disagreement in earlier work about the virulence of the M variant; Webster & Burn (1926) considered it to be less virulent than the S strains and Carter (1957) considered its virulence to be greater. In this we agree with Carter ( Tentative description of the species A description of the species Pasteurella septica, based on 59 strains, may now be given.
Morphology.
The size of the organism varied according to age of the culture. At 18 hr. cultures showed organisms c. 0-3 x 0 . 5 ,~~ which were ovoid and stained bipolarly. Older cultures were more bacillary in form and were pleomorphic. Long thread forms were common in older cultures. Non-motile. Non-sporing. Not acid-fast. Gram-negative. ViruIent forms sometimes showed a capsule.
Groroth on labor-media. The organisms required blood or blood derivatives to initiate growth from small inocula. Aerobic; facultatively anaerobic.
Optimum temperature near avo.
After 18 hr. on blood agar, the S variant colonies were 0.5-1 mm. diameter, low and convex, greyish white, circular with entire edge, opaque centre and translucent periphery. The M variant produced abundant mucoid capsular material, the R forms were much smaller, translucent and non-capsulated.
Bile salt media inhibited growth.
B b c h i c a l tats.
Acid without gas produced in peptone water in 18 hr. from glucose, sucrose, mannose, and fructose; mannitol and galactose were usually fermented ; xylose, sorbitol and trehalose frequently. Maltose, lactose, and glycogen (after several days) were occasionally fermented ; dulcitol , arabinose and rhamnose rarely. The fermentation pattern was remarkably variable. Our strain no. 12 (from a dog-bite) was unique in that it produced a little gas from sucrose, maltose, mannose and trehalose while being in every other respect typical.
Nitrates reduced to nitrite; indole produced. The methyl red and Voges-Proskauer reactions were negative. Phosphatase produced. Some strains produced some urease. Ammonia was formed in peptone water; hydrogen sulphide was produced (in small amounts). Catalase produced ; gelatin not liquefied nor citrate utilized. The malonate and phenyl pyruvate reactions negative. Soluble haemolysins not formed.
Preparation of results for the computer
The results of the tests given above were arranged in an i x m Certain observations may be made from a consideration of Fig. 1 . The Pas-teureUa septica strains form a large group marked off from the other Gramnegative organisms examined, which included P . pseudotuberculosis and P . p&b. Within the P . septica group there is one large subgroup which has its lower limit a t strain 49. This subgroup contains all the human 'internal' strains except one, all the cat strains and half the dog strains. Within the larger subgroup there is evidence of a smaller subgroup which forms a closely related block of similar strains, composed of strains 1-19 inclusive and thereafter fading into a diffuse lower edge which cannot be delineated with any precision. 
Dog
The proportion of strains from ' internal ' lesions and from cat and dog bites which occur at different levels in the diagram is shown in Table 8 . From this it is seen that the 'internal' and the cat strains are distributed in a similar manner, with the majority of strains towards the top of the diagram; this indicates that strains in these two groups are similar to each other, the inference being that cat strains (unlike those from dogs) form a characteristic and comparatively homogeneous group and that the majority of human systemic infections probably originate from cats. The role of cats as a reservoir of human infection was commented upon by Smith (1959) who examined six strains from human internal disease, one of which was our strain no. 11 (NCTC 8080). The best clinical example of this in our series is afforded by strain no. 6; this was obtained from a woman of 75 years who was scratched on the forearm by her cat 2 weeks before the onset of her illness, the scratch marks becoming inflamed and persisted for several days. though these workers noted a closer similarity between P. pet& and E, coli than has been found here. This needs further investigation. Neither the nomenclature nor the taxonomy of the Pastewella p u p is straightforward. The genus PasteureUa was created by Trevisan to include the bacillus of fowl cholera and other hemorrhagic septicaemia bacilli. The type species is undoubtedly the bacillus of fowl cholera, though as pointed out by the Editorial Board of the Judicial Commission on Bacterial Nomenclature the correct name is in doubt. The Judicial Commission (1954) conserved the generic name Pastezcrella and apparently accepted the name P. claderae-galli%armm for the type species. This cumbersome and almost forgotten name would be the correct name for P. septica if (as seems almost certain) the other haemorrhagic septicaemia bacilli belong to the same species as the fowl cholera bacillus. For this situation Breed, Lessel, Clise & Merchant in Bergey's Manual (1957) recommended that the Judicial Commission should conserve a better known specific epithet such as 'septica' (Topley aad W i l s o n ' s PrhcipZes, 1955) or 'multocida' (used in Bmgey's Manual).
Whether Pa&weUa pet& and P. pseudotuberczllosis should be moved to another genus is debatable; if so, the correct generic name would apparently be Ymshia van Loghem 1906 (this appears to be validly published, and the type species should be Y. pestis, though the actual binomials Y. pestis and Y. p?Uht&i?rWb& were not given). Yet there is evidence of close relationship with certain enterobacteria, and it seems to us unwise to use a pew generic name in a group which, as emphasized by Cowan (1936), has far more generic names already than is really justified.
